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NATIONAL ADVISORY COMiITTEE FOR AERONAUTICS

~ MEMORANDUM REPORT

for the
Alr Technical Service Command, U.S. Army A&ir Forces
FLYING QUALITIES OF A HIGH-SPEED BOMBER WITH A
DUAL PUCHER PROPELLER AFT OF THE EMPENNAGE
AS E3TIMATED FROM WIND-TUNNEL TESTS
OF A 1/8-SCALE POWZRED MODEL

By James A. Weiberg and Alfred W. Schnurbusch

SUMHARY

Flying qualities of a high-speed bomber with a dual
\ pusher propeller aft of the empenncge, computed from the
results of wind-tunnel tects of a 1/8~scale powered model,
are presented in this report. The flying oualities are evalu-
! ated with respect to the stablility and control requirements
of the Air Technical Service Command, U.S. Army Air Forces.

For the characteristics investigated, the airplene has
satisfactory flying qualities excent for the following:

(a) With aft center of gravity, low stick-free longitu-
dinal stability, fleps up, and possible instability, flaps
down

(o) High elevator control forces in landing with forward
center of gravity

(¢) 1Insufficient elevator control in take-off

(i) Low rudder-free diresctional stability
INTRODUCY IO

Estimates of the flying qualities of a high-speed

bomber with a dual pusher propeller aft of the empennage
have been msde. The snalysis, made at the request of the
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Alr Tcchnicsl Service Command, U.S. Arny 2ir Forces, is
tased on the rcsults of wind-tunncl tosts of a l/S-scale
powercd modcl in the 7- by. 10-foot wind tunncl at the Amcs
Acronczuticel Laboratory. The flying-cuclitles requirements
of refercnce 1 have becn used &s a criterion of a satis-
factory airplanc.

DESCRIPTION CF THE AIRPLANE

The airplanc is a threc-place light bomber. Major
airplanc dimensions are listed in teble I, and a threc-viecw
drawing of the airplane is shown in figurc 1. Flgure 2 is a
line diagrenm of the wing, and figurc 3 1s a line diagram of
the tail., The airplane is of unconvcittional design in that
it hes a dual pusher propeller aff of the ewmpennage. Each
sct of thrce p*ouellcr blades is goar-driven by one of two
cngines submerged in the fuselage. The alrplanc has sealed
internal balance control Surfwces (;*Co. 2 znd 3 for cross
sectional views), double-slottcé particl-span fleps, cond a
tricycle landin;, gear that retrects into the fusclage. The
small split flap on the wing cdjlscent to the fuselage (fig. 2)
operctcs in conjunction with tho landing gecar in thct it is
retracted when the genr is up and QCflOCuCQ to 40° after the
gear is extended. This llnkuéb is nececsgsoary in order to
provide a flap between the double-sloticd flaps and the
fuselaze and still allow thc double-sloticd flcp to ve
opcratcd for any position of the gear., The vertical taill
extends both above and below the Tusclage with the lower
half also acting as & propeller guard.

RESULTS &ND DISCUSSION

The flying qualities of the zlrplanc are prescnted
and discusscd asccording to the arny Alr Forces stability and
control rcoulrencnts (rcference 1). Ailcron control
charccteristics were not enalyzed since the model tests did
not includec & dotcermination of the ailcron characteristics.
The dynamic stability was not invegstigotcd sincc the necessary
data were not available frecm wind-tunncl tests,

_ The prototyre airplanc is equipped with ~n elevator nose

balancc adjustable bOu’C’n the limits of 0.45ce and 0.5Oce
- georetric bclﬁnce corresponding to CffCCElVC balances of
0.40c, and O.4d4cy, respectively (as cstimeted by the
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Douglas aircraft Company). The rudder has a geometric nosc
balance of Ovﬂzcr corresponding to an effective balance of
0.396cy. The cstimatcd control-surface effective balence is
less than the airplane geometric bhalance because of the
effects of cutouts for hinges, cutoffs for cover-plate ribs,
and leekage through drainage holes. The elevator control
forces presented herein are for 0.LU3ce effective balance
which was thought to be nearly the correct balance necded for
satisfactory control forces in acceclerated flight. The

pedal forces presented are for both 0.3960r effective
balance (corrcsponding to the airplane) and 0.34cy, effective
balance, which is just about thc prover beslance necded for
satisfactcry pcdal forccs. The valucs of effective balance
for which results are presented are believed to be accurate
to within 1 percent of the control-surface chord.

The computations of flying qualities presented herein
are bascd on the assumption that all control surfaccs are
rigid and mass-balanced and that no friction exists in the
control system. The control-sysicn nechanical edvantages
used (given in table I) include cable stretch.

The paragraph-numbering systcm of refercnce 1 has been
retained in the discussion below for easy cross reference.
Longitudinal Stability and Control
E-1b(3) Elevator-fixed stability.— The longitudinal

characteristics In stcady Tlight woerc determined for the
conditions of flight defined in the following table:
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- Center-of-
Condition Power | Flaps and Gross gravity posi-| Fig.
gear welilght | tion (percent| no.
__r (o) j M.A.C.)
Climb {iliteryl Retracted ; 25,000 25 4
R | 25,000 35
). Glide Zero | Retractedvr—EE,OOO 25 I 4
thrust 25,000 | 25 [
Tc = O ! !
' H ]
approach | 50 per- , Extended ! 25,000 , 20 5
cent | 5C° o5 000 ! 25
rated 21,500 25
Lerding | Zero  |Extended | 25,000 20 5
thrust 50% . 25,000 25
Te = O | 21,500 35

The results are presented as the variation of elevator
deflection and stick force with indicated airspeed. The
glide condition (T, = 0, fig. 4) was substituted for the
cruise condition of the Army's reguirements (75 percent rated
power) because this airplane, being of unconventional design,
is less stable power off than power on.

Elevator-fixed stability, as shown by the variation of
elevator deflection with indicated airspeed, exists for
all the flight conditions investigeted (figs. 4 and 5). As
the most aft center of gravity is at 35 and 36 percent mean
aerodynamic chord with flaps and geer up and fleps and
gear down, respectively, the stick-fixed stability is such
as to satisfy the army's reguirements.

E-1b(%2) Elecvetor-free stebility.— Elevator-free stakbility
exists in the ciimb and glidc conditvions (fig. 4) throughout
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the speed range investigated! for all speeds down to 123 miles
per hour (0.7 VR/Cmax). With the airplane trimmed at 341 miles
per hour, which corresponds to level flight with military
power, the gradient of control-force variation with indicated
air-speed for the aft center-of-gravity location (35 percent
M.4.C.) is low. This will tend to give inadequate control-
centering characteristics unless some device, such as a bungee,
is installed to increase the gradient.

The model test results show an unstable control-force
variection existing above 130 miles per hour for the landing
and approach conditions with the airplane trimmed for zero
control force at l.)-l»Vsa (fig. 5). This unstable variation
is due to a stall of the horizontal tail of the model which
resulted in high hingc moments at the lower 1ift coefficients.
(The tail angle of attack ap becomes more negative as Cg
decreases. Tail stall occurs ot Cp, £ 1.0, flaps at 50°,
where ap = -12°.) The results of tests of an isolated tail
surface at full-scale Reynolds numbcr indicate that tle tail
angle of attack at which the elevotor stalls will be more
negative so that the instebility existing between 130 and
225 miles per hour (the limit design speed with flaps
deflected) will be removed for cciter—of-grzvity positions
at 20 and 25 percent mean aerodynemic chord. With the center
of gravity at 35 percent necn acrodyncmic chord, however,
elevator—-free instability will exist above approximetely 160
miles per hour. Thus the requircment for elevator-frce
stobllity at speeds from alloweble Vpgy down to 1.2Vg,
for the approach condition and down to Vsa for the landing

condition will bc met only with the center of gravity fcrward
of 25 percent mcan aerodynamic chord., .

1all control forccs in this report arc based on model hinge
moments obtained at a Mach number of 0.25 or less. For

- this rcason the forces in figurc 4 in the high~speed range
may be somewhat in error. It 1s rccommended that reference
tc made to the high-spced wind-tunnel tests of a model
of this airplesne discusscd in rcfercnce 2.
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E-1c(2) Elevator control-force gradient.- The require-

ment for elevator control forces in accelereted flight is one

f the critical requirements with regard to elevator balance.
Control forces on the airplane in steady bturning flight with
flaps and Eear retracted have been deternmined using a true
speed of 345 miles per hour at an altitude of 10,000 feet
with the propeller operating at zero thrust (T, ¥ 0).
This corresponds to turns from trimmed sfteady level flight
at 10,000 feet with normal rated power (except for a slight
difference in T, which has a negligible effect on the final
result). The computed and allowable veoristion of force with
acceleration is presented in figure 6 for two different gross
welilghts and center-of-gravity positions. The allowable
control-force gradients are based on a linit load factor of
4 for gross weights up to 25,000 pounds and varying from 4
at 25,000 pounds to 2.67 at 35,000 pounds.

_ The gradients of control forece »ner unit normal accelera-
tion obtained are approximately linear (fig. 6). For both
gross weights, with the center of gravity at 25 vercent mean
aerodynamic chord, the gradient is below the allowable maxi-
mum; with the center of gravity at 35 percent mean aerodynamic

chord, the gradient is below the allowable minimum. Reduction

of the effective balance to 0.43c, will make the gradient
(center of grevity at 35 percent #.4.C.) just ecual to the
allowable minimum.

A summary of the accelersted flight control-force
gradients (fig. 7) shows the variation of control force per
unit normal accelerstion with center—of-gravity position.

The maneuvering neutral point (where stick force per g = O)

is at 37 percent mean aerodynamic chord. Due to the closely
balanced control surfecces, the magnitude of the induced
effects on elevator hinge moments 1s smell so thet the center-—
of-gravity position for zero control force in turns and the
level-flight stick-free neutral points are very nearly coin-
cident.

~ E=1c(3) Elevator control in landing.- The airplane
lends with the flaps deflected 50Y9. Tests of the model in
the presence of a ground plene for the determination of the
landing chereacteristics of the airplane indiceted sbnormal
1ift cherscteristics when the flap deflcction excecded H0°.
Further tests ot increased Reynolds number (obtained through
increased stream turbulence) indicsted the sirplane 1lift
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charabteristics will be norinal with flaps deflected 50°. 1In
order to obtain an indicaticn of the landing characteristics

of the airplane for the rull flap deflection of 50°,

tests-

were made of the model with the flaps deflected 30° and 40°.
These results have been converted to elevator deflection and
control forcé as a function of contact speed and are presented

in figures 8 and 9.

The computations have been made for the

combinations of gross weights and center-of-gravity positions

listed in the iollow1np table,

The resulting control forces

and elevator deflections required to reach maximum ground
angle have also been tabulated,

Center~of- Hlap 6e required to | Control
Gross |gravity posi- | deflection| reach maximun force at
weight |[tion (percent (deg) ground angle maximum
(1b) [M.A.C.) (deg) ground angle
~_{1b)
21,500 35 30 3 4
40 4 7
25,000 25 30 11 7
40 13 27
25,000 20 30 16 13
40 19 74

An extrapolation of the results indicates that with full
flap deflection of 500 and with the center of gravity in the
normal landing position (36 percent M.A.C.) the elevator will
be capable of holding the airplane off the ground at its maxi-
mum ground angle without exceeding a control force of 50
pounds. In fact, the control forces may be considered rather
light. When the airplane is in the landing condition :
(flaps at 50°) with full forward center of gravity at 20 per-
chord, the control requirement will
requlred will be more than double the

cent mean asrodynamic
be met; but the force
allowable 1imit of 50

Results bf tests
scale Reynolds number

pounds.

on an isolated tail surface at full-
indicated that for full flap deflec-
tion of 500 the control forces in landing with 20 and 25
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enter of gravity will be in the order of 135 pounds
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has not progressed enough to show on the slevator-effective-
ness chorascteristics

E-lc(1)(p) Elevator control in %take-off... Control
cherrCiérisnice QUring the veke-off run hgve oveen detormined
for a renge of center-of~gravity positions correspending to
those con the airplane from 20 to 35 }"bult nean aerodynamic
chord and for gross woeights of 20,000, 25,000 and 35,000

-
nounds. In tae comput\t¢o & COLfflCi@ﬁt of rolling friction
of 0.012 was used uorrsoaonmlng to talke—off Irom & concrete’
runvay. The rt ults, preseanted in 1 show the texiing

= LT
gspeed ot which maximum up--eievetor (250, will rzice the nosge
wheel. rrom thise flgure it is evident Tihot teke-off tbiuuwc
c nnot be atteined at or b“low O. 6\5 Tor any gross welight or
erter-of—-gravity OS1tlon. ith for wc rc¢ center of gravity
nna normal grese WCjthu (20 Uercent 11.4.C. and 25,000 1b),
toke--off sttitude can be secured only abovo speeds of 105
miles per hour as compared to the speecd cgual to O.8VSa of
0.4 miles per hour. The greater pari of the moment which
the elevetor must overcome in order o ra
o)

ise the ncse wheel
g located so far
ar is located at

is e result of the cenu >y of trchuJ
forwerd of the main gear. The mala
approximately F5 UerCQQU mean eerody

ol.- The elevator trim
control force to zero
ﬁnd gear retracted
ty position, and &t
extended with power
Thereforc, the
the reaquirement of

E-1(c) (%) Elevator trimming. conb:
tab 18 capable of reducing the elevet
at all speeds in level flight with fla
for any power setting or center-ol-gr
specds below 1.4Vg, with flaps ung
off (Te = 0) and forward center of
longitudinal trimming coentrol will

’S‘Jl—’ 0

oot c

L o

w (M
o) +3
P! U "‘J Ofcr
O <:l-‘ LR
m e
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reference 1,

E-lc¢(6) Trim chianges due to flaps and power.~ The effect
on trim of varying the power and flap setting is shown in
figure 11. With the tab set for trim at 1.1vg, (Vi = 123
mph) with flaps and gear retracted and military power, the
. change 1in control force at constant speed due to varying the
power or flap sctting is within the allowable 1limit of
50 pounds. Thus the requirement of reference 1 is satisfied.

Lateral and Directional Stabllity =and Control

E--2b(1})(b) Rudder-fixed directional staplility.— The
directional characteristice in steady sideslips were deter-—
mined for the following conditions of flight:

oo et

Specd =t ' (88r /0B )Cn = O
 Attitude | sea levell Flaps | Gear | Fig. Zero MITiTary —

(mph) no. | thrust| power
l.BVSg 129 Up Tn 12 1.9 1.9

Climb 174 Up Up 12 1.8 1.8
0.V ok 218 Up Un | 12 1.8 1.8
1.2Vg, 106 Down | Down | 13 1.4 1.6

50°

The results are presented for zero thrust and military power
as the variation of rudder deflection and pedal force with
sideslip engle,

Rudder-rixed directional stebility, as shown by the
varistion of rudder deflection with sideslip angle in figures
12 and 13, exists for any frl=p and power condition. The
rudder-det'lection curves obtained cre linear throughout
the sideslip-angle range. For this sirplane the value of
8p/3B is quite high, as may be noted from the preceding
teble.

E-2b(1)(c) Rudder-free dircctionsl stebility.— The
variation of  rudder-pedal force with sideslip angle in
figures 12 and 13% indicates that rudder-free stability exists
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for all conditions of flight investigated with 0.396cyp
effective balance. However, the gradient of force vs side=-
slip anzle is low witlhh the propeller operating at zero thrust
in the climb condition (fig. 12) and with flaps and gear down
(fig. 13). feduction of the effective balance to 0.34cy will
increase the rudder-free stability and still keep the pedal
forces, developed in meeting the rudder-control requirements,

within the allowable limit of 180 pounds (as w

later).

111 be discussed

E-2b(2) Rolling moment due to sideslip (dihedral effect).-

A summary of the dihedral effect is given in the following

tabulation which lists the stability derivative CZ'B(aCl'/aB)
for three fliznt conditions:
a, Power
Attitude |(deg)|Flaps|Gear| Cp'g Cng CI'B/CnB condition
-0.0015710,00157 -1,00 Propeller
removed
l.2Vg | 6 Up Up -.00121}| .00162 -.75 Te = O
< -.00130| .00183} -=.71 |[T¢ = 0,46
-,00102}) .00118 -.86 Propeller
Climb and ‘renoved
‘ -.00115} ,00171 -.67 Te = 0.2
-,00110| ,00088] -1.25 Propeller
’ rerioved
L.S"Sa -1 Down |Down| -,00122{ ,00125 -.98 Te = O
50° -.00151| ,00147| =1.03 |Te = 0.75 |
The values of C3'p indicate positive dihedral effect exist-

o

A
2 £
3y .
ing 10r

all flight conditions,

For the purmose of comparison with other airplanes the
table above includes velues of the ratio (CZ’B/CnB). At the
higher speeds with flaps up, the ratio for this sirplane is
approxiniately 0.70.
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E-2u(3) Ssice

11

force duve to sidesl}g.— The variation of

side force with angle of tcideslip has a positive slope (right

bank accompanying right sideslip

for all flight conditions,

as shown by the curves of angle of bank rcouired in steady
sideslips in figures 12 and 13,

E-2¢(1)(a) Rudder to overcomc adverse aileron vaw.-

Heference 1

requires that the rudder corntrcl pe surficient

to overcomé the adverse aileron yaw in abrupt aileron rolis

at 1.2Vg, and

1.2Vg

Since the model tests did not
include measurements of the aileron characteristics,

the

adversc yaw in aileron rolls has been estimated by the methods

of reference 3.
tatle, show

The computed rcsults, given in the following
thet the ruider control is sufficient to overcome

the meximum adverse aileron yaw with flaps and geear up.

25,00C 1b gross
weight

T Control necessary to counteract
adverse yaw at zero. sideslip
T~ T jRudder pedal force (1b)
Ccndition Adversel Rudder C.34 0.396
Cn deflecgion effictive eifective
deg) _balance alance
?~2V~ fleps and o
112V5g, P8 8
gear up, To = 0
C1=1.0%, V3=153 mph|0.0121 12 176 147
35,000 1b gross
weight
Seme us above butv :
with military .0121 12 180 151
power ‘
O0.7Vmax 2t SL,flaps
and gear up, To = O
C1=0.37, V3=218& mph| .00%3 L.g Ly ol
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[
na

icthods of cstimcting adverse yaw with flaps down are not
sveiletle, but normally The r:dder control rcouircnent is
ecsier to reet with fleps Gown. The “lOEC, the ruldder control
will everywhere be sCecuste to overccme The adversc yaw
resulting frca an sbrupt Tull deflection of tac silerons. The
pedel forces recquired to overcoie the alverse ailleron yaw at
1. 2VS,1 as given in thke above teble cre, for the critical

v

speed, just egual to the allowsble 1linit of 180 pounds wien
tn effective belence is 0.34cn. Witk 0.396cy effective
belence, as on the prototype airplanc, the forces ars below

the ellowable linit.

E-2c(1)(b) Rudder control in landing.- Reference 1
requiles the ruduer control o be suf:icicnt to maintain
straight ground paths in lending in cross winds of up 190
C. EVS et S00 to the Tiight »athk withoub exceeling a pedel
forea cf 180 noundis. The = ¢le of cideslip in cross
vindls to which the ruldier wmust be cr orwlo of tripmoing occurs
when the Torward volocity of the air is o iniium.

Conseguently,

o

Erng = tan C.2Veq = ten~" 17,56 mph - [at 25,000 1b)

. = ~AaTTT
landing speed 9+ mph \iross weight

Brnx = 10.5°

Figure 13 indicates thet at 106 miles per hour with flaps
&t 5C0° and with zero thrust, ebout 159 of rudier are neces—
‘sery te verform the maneuver. The correshonding pedal forces
(fig. 13%) for 0.34c, and 0.396c, cffcctive baleance are
62 ~nd 53 pOUﬁﬂS cspectively. The rudder will thercfore
be ad 9 ontrol in cross-wind

1tain directional contr
nsrs without exceeding pelal forces of 180

E-2c(3) Rudder and ailcron trimming control.- Trim 1is
sccomplishcd on the rucaers and eilerons by zcans of a spring
trim deviece controllable from the cockpit. The strength of
the springs m111 deternine the adecuacy of the rudder and
siloron trimming control.
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Summary Table of Estimated Flying Qualities

4 summary table of the flying qualities of the airplane
is presented in figure 14. This table, besides summarizing
the above discussion, also includes the stall characteristics
and neutrel-point variation with flap and power setiting.

CONCLUSIONS

For the conditions investigated, the airplane
following flying qualities evaluated in terms of §
Alr Forces requirements for stability and control.

has the
he A4

1. The static longitudinal stability is afeguate except
for the following:

(a) Low elevator-frec stability exists in ths climb
end glide conditions for the aft center-of-gravity posi-
tion (35 percent M.A.C.) with the airplane trimied ab
high speed in level flight.

(b) Elevator-free instability exists in the landing
and approach conditions above 130 miles per hour which is
traceable to 2 stell of the model horizontel tail in the
wind=tunnel tests. At full-scole Reynolds number, the
horizontal-tail stall will occur at a greater negotive
angle of attackz in which case this instability will not
be present at specds below 225 miles per hour (design
Vpmax with flaps deflected) for center—of-gravity posi-
tions at 20 or 25 percent mean aerodynamic chord. With
the aft center of gravity (35 percent M.a.C.) elevator—
frece staoility will exist at full-scale Reynolds number
above approximatcly 160 miles pcr hour.

2. The control-force gradient in turns will be satis—
factorﬁ if the elevator effective balance is adjusted
to O.43cge.

3. The elevator control is sufficient to land the air-
plane but the control force recuired with the forward center
of gravity (20 percent M.4.C.) and full flep deflection (500)
is excessive.,

L. Take-off attitude connot be attalned at 0.8Vg, for
any gross weight or center-of-gravity positinn.
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5. The elevator trim tab 1s adequate at all rormal
flight speeds.

€. Trim changes due to changes in power or flap setting
are satisfactorily small.

7. Directional stability, rudder fixed, is satisfactory.
Directional stability, rudder free, will be satisfactory if
the rudder efféctive balance is of the order of 0.3k4cy.

g. The rolling moment due to sideslip is everywhere in
the proper direction.

9. The side-force characteristics are satisfactory.

10. The rudder control is adecuate to overcome adverse
alieron yew and to maintelin straigiit ground paths in cross-
wind take-offs and landings.

National Advisory Committee for Aeronautics,
Ames Aeronsauticel Laboratory,
Moffett Field, Calif.
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THE AIRPLANE

|
| ClassiTication accordlng to Army
; gpeclfications. + v v v ¢ o o ¢ o o o o Class 11
Eagines (two — operated side by side Allison
: for driving dual propeller) . « s e -1710-9% (E 11)
! _
! £ R 0 61
€ LSEDY P2TU3L0e o ¢ o o ¢ o« s o o 5 o o o 03
Rotings (€8C1)e o o o v o o o s o o s o o Dbhp/rpm/alt
Uar emergency DOWETrs o o + o o o o o o 1500/3C00/SL
Trlze—0ff DOWEI 4 o 4 o o o o s o o s 1325/"OOO/ST
H1131%ary DOVET o o v v 4 4 e e e e e s 1325/3000/8L ¢t
‘ : 1200/”000/ 2, >OO
Haxinum rated DOWeT. o o « o o o o . 1050/2000/SL %o
20,000
Propellel . v « v i v i 6 e e b s v e e e Hanilton S{ondord
' Pusher
rront (r.h.) Rear (1,h.)
BlaGes (3 eacll) v o v v o o o » 2015@1—24 20158224
Dl& etbr‘. e s e e+ s & % & o s 130107 1300
Grogss welght 1
Loading conditions (1%) : A4 C.G. position%®
) (Percent :..A.C.)
Desigh. v o o 25,000 35 25
At50CH. @ o o e zg,ooo L 25 to 35
Bomber, « .« o e 35580 62.2 25.3
[ay- I3 =
Landing . o . . 21,500 33,8 36
Tail length
25 nercent I.A.C. of i"ing to 256 nercent
1,4,C, of horizontal tail , . . e 19.91
25 percent I.a.C, of wing to 20 percent
: i....A.C. of verticeasl ?il o v e s 20028
Over-cll dinencions
Lengtl, o v v v v 0 e e e e e e e 53,54 Tt
qeight. L] L1 ] - [ ] L] » ] * . L] L] * . L J 15.79 ft
*ertical .2, location for Jesign condition is 5.8 percent
niean aerodynonic chord above fuselage reference line or
13.3% percent mesn cerodynsnic chord belovw thrust line
(astumed srize for other conditions).




MR No. A4KO4 TABLE II
GENERAL GEOMETRIC DIMENSIONS OF THE AIRPLANE

(A1l dimensions in feet)

Iten Wing Horizontal Vertical
- tail tail
Area ‘ 554.6 139.28 86.98
Span 70.5 25.0 17.4
Mean Aerodynamic chord 8.56 5.78 5.29
Aspect ratio &.96 4. k49 ?.48
Taper ratio 0.333 0.57 -
Geometric twist 2.07°
(Washout ) — —_—
Dihedral from reference
plane 4,00 0° —
Incidence from reference
rlane 0 , 0 . —
. o}

Incidence from oL, — 1.89 -
Section profile Douglas Douglas Douglas
(constant) Cc-17 R H
Maximum percent thickness| 17.02 13.45 15.55
~Root chord 11.83 7.17 6.33
Tip chorad ‘ 7,94 4,08 4, o

Percent chord line '
straight 85 65 60

*Dimension given is for upper vertical. Lower vertical
has irregularly shaped bumper on tip.



MR No. A4K0O4 TABIE IIT
MOVABLE SURFACES OF THE AIRPLAINE
(A1l dimensions in feet)
Rudders Double- Split
Iten Ailerons {Elevators |Upper|Lower| slotted flap; flap
Area — - 857.98 11,66
Area aft
hinge line| 26.34 37.50 12.54{8.99 | ~———~ | ———-
Span 23.62" | 20.34 6.25 |u4.72 29.82 bo.gg
c3, lUp
Percent 0.45 to 0,47
balance 0.43 0.50 | | eme— |-
Percent
chorad 22 35 Lo 25 34,7
Percent
span 33.5 g1.5 63 bo.3 by og
CL . g5
. {
Sart Tart | 31.34 | 71.6 26.08116.57] ~---—- | --——--
Control 10° down Lo®
travel +16° 25° up +20° 50° down down
F/m a,T0.14d €0.60 €1.008 | ——mem | —memm
Area aft '
hinge line
affected by
balance 23,78 | 3442 Jemom |oomm | o e
Trim tab
area | —=——= 3.3%8 e el Pt B
Tab travel | ————- 10° up
200 down |-=== | mmme | e ] e

2Does not
bMeasured
CMeasured
AdRatio of

include vane.
along hinge line.
along trailing edge.

chord aft of hinge line to total surface chord.

®These values are for cockpit control motions which allow for
£ cable stretch.
Wheel moment/hinge moment.

j
4
i



35.6*

0.57

FIGURE | .

THREE -VIEW DRAWING OF THE AIRPLANE.
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